Escherichia coli, harboring the temperature-sensitive drug-resistant factor Rts 1, formed filaments on solid medium at the nonpermissive temperature (42 C). In addition, the rate of adsorption of T4D phage progressively decreased during growth at 42 C. Susceptibility to a variety of antibiotics increased suggesting that the permeability barrier to these antibiotics may be disrupted at the nonpermissive temperature. These observations were interpreted to suggest that the target of the temperature-sensitive Rts 1 gene product responsible for altering host growth may be the cell envelope.
Escherichia coli, harboring the temperature-sensitive drug-resistant factor Rts 1, formed filaments on solid medium at the nonpermissive temperature (42 C). In addition, the rate of adsorption of T4D phage progressively decreased during growth at 42 C. Susceptibility to a variety of antibiotics increased suggesting that the permeability barrier to these antibiotics may be disrupted at the nonpermissive temperature. These observations were interpreted to suggest that the target of the temperature-sensitive Rts 1 gene product responsible for altering host growth may be the cell envelope.
The kanamycin (KM) resistance factor, Rts 1, is a thermosensitive plasmid which alters the growth of its host at the nonpermissive temperature (18) . Previous experiments suggested that a gene product of Rts 1 deoxyribonucleic acid, present at both permissive and nonpermissive temperature, is altered at 42 C and results in abnormal cell growth. It has been shown that when Rts 1 cells were cultured at 42 C, total cell number increased linearly whereas viable cell numbers remained constant. This finding is consistent with asymetric cell growth at 42 C. Electron microscopy of these cells revealed membranous invaginations and the cells became susceptible to KM, as well as to actinomycin D. These observations suggested that the cell surface of Rts 1 cells (cells harboring Rts 1) was altered at the nonpermissive temperature (6) . In this communication we present further evidence for this alteration. Filamentous cells were formed on a solid agar medium at 42 C. In addition, the kinetics of adsorption of phage T4 and susceptibility to various antibiotics were significantly altered at the nonpermissive temperature. Given the pleitropic nature of Rts 1 effect on host cells (6) (7) (8) 20) , the structural and functional characteristics of the cell envelope make it a likely candidate as a target for the Rts 1 temperature-sensitive effector.
MATERIALS AND METHODS Efficiency of phage T4D plaque formation. The R factor, Rts 1, the host strain Escherichia coli 20SO, and the conditions of culture have been described previously (6) . Phage T4D was the generous gift of K. Takeishi. The efficiency of plating of T4D was measured as described (22, 21) , with slight modifications. Bacterial cultures ([0.4 ml] 8 x 107 cells/ml) were adapted to 30 C by incubation for 2 min at this temperature. To 0.4 ml of culture was added 0.1 ml of a dilute phage suspension (1.4 x 103/ml) containing 100 Ag of tryptophan per ml. After 10 min at 30 C, a 0.4-ml aliquot was withdrawn and transferred to a surface of a prepoured "bottom agar" plate containing 1.5% agar. Three milliliters of "top agar" containing 0.5% agar was melted, cooled to about 47 C, and poured onto the plates. After the soft agar layer had solidified, the plates were incubated at 37 C for 5 h. The extremely low multiplicity of infection eliminated the possibility of multiple infection of cells. The relative efficiency of plating was calculated by comparing the plaque counts on the various test lawns.
Kinetics of adsorption of phage T4D and assay for infectious centers. The methods described by Adams (1) were used to measure the kinetics of adsorption of phage T4D and titer the number of infectious-centers. Aliquots (0.5 ml) of bacterial cultures treated, as described in the appropriate figure legends, were mixed at 30 C with aliquots of suitably diluted phage suspensions. Tryptophan was added at a final concentration of 10 ug/ml. Samples of 0.1 ml were withdrawn at various times and diluted 100-fold into 10 ml of Trypticase soy broth-chloroform (9:1). After serial dilution in Trypticase soy broth, the dilution tubes were assayed for free phage by adding 0.1-ml aliquots to 2 ml of melted top agar at 47 C containing 0.2 ml of an exponential phase culture of E. coli 20SO R-to provide a lawn of susceptible cells. This mixture was quickly poured over the surface of a prepoured bottom agar plate and incubated at 27 C overnight. The plaque counts were used to calculate the percentage of phage unadsorbed at various times relative to a control adsorption mixture (zero time sample) to which only phage were added. The rate of adsorption was expressed as: the velocity constant E. COLI THERMOSENSITIVE DRUG RESISTANCE FACTOR k = (2.3/ [cell concentration x time t] x log [free phage at t0/free phage at time t ]), in units of milliliters per minute. For the assay of infectious centers, 0.5 ml of the above adsorption mix was removed after 10 min of incubation and mixed with 0.1 volume of anti-T4D antiserum (k = 200, see reference 1) generously supplied by M. Dewey of this department. Unadsorbed phage were neutralized by inacubation at 30 C for 6 min. After serial dilution, aliquots of 0.1 ml were mixed with E. coli 20SO R-(E. coli 20SO not harboring drug resistance factors) to provide a lawn of susceptible cells. The plaque counts after incubation of plates overnight at 27 C were taken as the number of cells which adsorbed and produced phage.
RESULTS
Formation of filamentous cells. One indication that an alteration in the cell envelope may be linked to the Rts 1 effect on cell growth came from experiments in which Rts 1 cells were cultured on agar blocks containing glucose minimal medium. Blocks were seeded at low cell density to allow sufficient separation between individual neighboring cells. During incubation at 36 or 42 C, the blocks were examined periodically by phase-contrast microscopy to follow microcolony formation. During the 4 h of incubation almost every cell had given rise to a clone containing at least one filament (Fig. 1) . All stages of microcolony development were found, up to the 8-or 16-cell stage. Some cells showed no growth at all (Fig. 1R ). Other cells formed filaments without dividing ( Rts 1 were diluted in glucose minimal medium and small volumes were placed on the surface of agar blocks. The 'blocks were prepared by pouring thin plates of glucose minimal medium agar and cutting squares (1 by 1 cm) with a sterile knife. The.blocks were transferred to the surface of a sterile microscope slide inside a petri dish. A small vessel of water was placed in the dish to prevent drying of the agar during incubation. The block cultures were then incubated for up to 4 h at 36 or 42 C. After incubation, sterile cover slips were placed over the blocks, and they were examined and photographed under phase-contrast microscopy. Since filaments were only rarely seen in control cultures of R-at 36 and 42 C and Rts 1 at 36 C, photographs were not taken. The figure shows various cell arrangements that were found after 4 h of incubation at 42 C. (11) . Changes have been noted in the cell envelopes of a number of cell division mutants (4, 5) . At the nonpermissive temperature Rts 1 cells became sensitive to a number of antibiotics including KM. The increased susceptibility to KM is probably a reflection of an envelope change, since increased susceptibility to a broad spectrum of other unrelated antibiotics was also observed ( Table 2) . Previous experiments (6) showed that even cells cultured in broth at 42 C had decreased resistance to KM. As much as 30 gg of KM/ml were required to obtain 50% inhibition of cell growth indicating that resistance still remained. The increased susceptibility to antibiotics at 42 C cannot be attributed to decreases in metabolic activity because macromolecular synthesis, as well as the cell generation time of viable cells at 42 C, was comparable to that of 36 C. Similar changes in susceptibility to antibiotics was reported for mutants of E. coli and Salmonella with possible defects in the lipopolysaccharide portion of the cell wall (15, 16) .
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Terawaki et al. (17) reported that transfer of KM resistance was temperature sensitive. Conjugal transfer is a complex process requiring many R factor gene products (19) , some of which must certainly interact with host envelope components. The most obvious interaction of this kind is the insertion of R pili into the cell envelope. The delta transfer factor changes the phage typing pattern of S. typhimurium host cells (3) . A staphylococcal penicillinase plasmid determines the biosynthesis of phage attachment sites (14) . Parallel studies on the rate of phage adsorption and the number of viable cells after the temperature shift to nonpermissive temperature indicated that the change in the cell envelope precedes the loss of viability. In addition, this experiment demonstrated that the breakdown in restriction upon the temperature shift is complete within 1 h at which time most of the cells remained viable. These observations suggest that the cell envelope may be one of the direct targets of the gene product.
